SUMMARY Arterial compliance was measured in 70 healthy volunteers, 13 athletes, and 17 patients with coronary artery disease. Magnetic resonance images were acquired at end diastole and end systole through the ascending aorta, the aortic arch, and the descending thoracic aorta. Regional compliance was derived from the change in luminal area in a slice of known thickness and from the pulse pressure. Total arterial compliance was also measured from the left ventricular stroke volume and the pulse pressure. In the volunteers, mean (SD) regional compliance (Ml/mm Hg) was greatest in the ascending aorta (37 (18)), lower in the arch (31 (15)), and lowest in the descending aorta (18 (8)), and it decreased with age. Compliance in the athletes was significantly higher than in their age matched controls (41 (16) versus 22 (11) 1l/mm Hg). In the patients with coronary artery disease it was significantly lower (12 (4) v 18 (10)) than in age matched controls. Total arterial compliance also fell with age in those with coronary artery disease although there was more variation.
A popular saying is that a man is as old as his arteries. The commonest arterial disease is "hardening of the arteries" or atherosclerosis which leads, among other things, to a loss of elasticity. Arterial elasticity is measured as compliance, which is the change in volume per unit change in pressure, and compliance measurements may be valuable for both detection and monitoring of disease.
Magnetic resonance imaging is a direct noninvasive way of studying regional aortic compliance and total arterial compliance. We used it to study changes in compliance with age and aortic compliance in athletes and in patients with coronary artery disease.
Patients and methods
We studied 70 healthy volunteers without symptoms of cardiovascular disease (mean age 38, range ,
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Accepted for publication 7 March 1989 13 athletes (mean age 43, range , and 17 patients with coronary artery disease without previous infarction (mean age 53, range 30-76). Three of the athletes were of international standard (one Olympic gold medal) and the others were club athletes. The average distance run daily was nine miles.
We used a Picker International Vista MR2055 machine operating at 0-5 T to acquire images at end diastole and end systole in three oblique planes perpendicular to the midpoints of the ascending aorta, the aortic arch, and the descending thoracic aorta (fig 1) . A spin echo sequence (TE 40 ms) was used with two averages of 128 phase encoding steps, a pixel size of 1417 mm x 1-17 mm, and a slice thickness of 10 mm. The end diastolic images were acquired 100 ms before the average RR interval, and the end systolic images at the end ofthe T wave ofthe electrocardiogram Acquisition time was three to four minutes per image depending upon heart rate.
The lumen of the aorta was outlined manually on the computer screen, and regional aortic compliance was calculated from the change in volume between diastole and systole. The Mean (SD) regional compliance measurements in the healthy volunteers (mean (SD) age 37) were (30 9 (15 3) ) in the ascending aorta, 21-4 (10-7) in the aortic arch, 17-8 (8 3) in the descending aorta, and total arterial compliance was 1854 (489) (pl/mm Hg).
Mean compliance in the ascending aorta was higher than in the arch (p < 0 01 by the multiple comparison test) and in the descending aorta (p < 0 01). The 94 We found high regional aortic compliance in trained athletes, and it seems likely that this is due to a direct effect of training upon the arterial system, rather than its effects upon the heart. Although the bradycardia and increased stroke volume oftraining' will affect mean aortic diameter and hence compliance, there are also large changes in peripheral resistance that should have a greater effect. The reduction in resistance allows the athlete to generate a maximum cardiac output of up to 40 1/min compared with a maximum of 20 1/min in normal individuals without increasing blood pressure to unacceptable values.'03 These large changes in peripheral resistance may well be accompanied by structural changes in the aorta leading to increased compliance.
Because compliance is a determinant of left ventricular afterload it is important in patients with coronary artery disease."2 The combination of elastic arteries and resistant arterioles constitutes a hydraulic filter enabling the intermittent cardiac output to be converted to a steady capillary flow. Part of the energy of left ventricular contraction produces forward flow during systole, but the remainder is stored as potential energy in the distended arteries. During diastole, elastic recoil converts this potential energy again into forward flow. A fall in aortic compliance, therefore, increases the impedance to ventricular ejection and decreases capillary blood flow." 4 Aortic compliance measured by aortography was reduced in patients with coronary artery disease '5 and we have now shown similar changes noninvasively. Although it is possible that this is due to the mechanical effects ofatheroma, it is more likely to reflect the generalised structural changes that occur m association with atheroma and that are similar to those of aging.'637 Magnetic resonance imaging is a simple noninvasive method of measuring both regional aortic compliance and total arterial compliance. In healthy volunteers, the ascending aorta was the most compliant region and compliance fell more distally. Compliance also fell with age, although above the age of 50 the fall was less steep. Regional aortic compliance is higher than normal in athletes, and lower than normal in patients with coronary artery disease. These changes are likely to be the result of structural changes in the aorta, but the importance of compliance measurements for the monitoring of cardiovascular fitness and for the detection of disease remains to be established.
